C hildhood has changed enormously in living memory, mainly for the better. The material childhood made for most children in most places now is distinctly superior to its antecedents. Yet many parents and many others personally or professionally concerned with societal health believe that the moral childhood being made for an ever-larger proportion of children is just as distinctly inferior. Neglected by the complacent, damaged by the wrongheaded, and spoiled by the indulgent, critics charge, childhood is dangerously in disrepair. This impression, reliable or not, is readily formed, especially in the United States. Here, unfamiliar liberties, like conjugal courting; unanticipated contingencies, like post-abortion contraception for twelve-year-old girls; and unimagined tragedies, like mass murder by young boys, have been widely, repeatedly, and often sensationally noted. Making a good childhood has never been easy, and blaming a bad childhood for the transgressions of its adolescent products has never been easier. Yet childhood is not only made for children. It is also made by them, and children themselves have been changing.
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The Trend Toward Earlier Puberty to appreciate that "hormone storm" is routinely being weathered by much younger children than when this standard long ago was forming.
Many parents of early developers, especially early-developing girls, must have come to this conclusion independently or with journalistic prompting (Belkin and Slota, 2000; Gorman, 2000) . Some, perhaps having met each other in the waiting rooms of endocrinologists willing to prescribe puberty-blocking agents (Shelton, 2000) , may even now be making common cause. Be that as it may, the trend toward earlier puberty worldwide has so far barely affected collective popular thought and has had no discernible direct effect on political argument or process. Some environmental activists have added early puberty to the harms blamed on low-level chemical exposures, plausibly so in at least one case (Colon, Caro, et al., 2000; Larriuz-Serrano, Perez-Cardona, et al., 2001 ), but their charges overall have not fit facts well enough to recruit skeptics or stir protest. The sole political wind yet raised has not been environmental at all, nor has it come from or pointed to a claim about causation. It has not even been political in the civic sense, let alone the global. Rather, it has been all intraprofessional and all American.
Pediatric generalists have tended to believe that, as a consequence of better health and nutrition, developmental normality has changed, that problems caused by this new normality can and should be managed behaviorally, and that otherwise normal-appearing early developers and their families should not be sent on expensive diagnostic excursions. Many pediatric endocrinologists, parting from their generalist colleagues, have warned that cases of truly precocious puberty, which can indicate pathology as serious as a brain tumor, are likely being submerged in a warm flood of unwarranted reassurance. They have contested the claim that maturational pace has been changing significantly in American girls and have suggested instead that puberty simply starts earlier than once thought (Kaplowitz and Oberfield, 1999; Rosenfield, Bachrach, et al., 2000; Lee, Guo, et al., 2001; Lee, Kulin, et al., 2001) .
Complicating this argument is the observation, in girls, that when puberty starts earlier it tends to last longer-or, more exactly, the discrete pubertal interval ending with menarche, defined as the advent of periodic vaginal bleeding, tends to last longer (Marti-Henneberg and Vizmanos, 1997) . Thus, if puberty were truly starting earlier on a population-wide basis then the mean age of breast budding might seem "earlier than once thought," with the mean age of menarche less noticeably changed, making differentiation from the no-real-change case quite difficult. Also complicating the no-real-change argument are two other factors. One is the vividness of the impression, both parental and professional, that puberty is indeed more often starting earlier, not just that its earlier starts are more often being documented; impressions, of course, are not data. The other factor is both historical and comparative.
Maturational pace has varied greatly generation-to-generation and place-to-place. The no-real-change argument raises a why-no-more-change question. That question then leads back to a consideration of mechanism, and science there is far from settled. This dispute, described by one participant as a "civil war" (Kolata, 2001) , has been hard to resolve and also to interpret, sometimes seeming to be a disingenuous statistical fight over clinical authority and referral income. It may delay or even prevent the coalescence of a political movement. Yet it may soon be overtaken, in the usual way, by clearer questions and better answers.
In fairness to all, the trend toward earlier puberty-a centuries-long global phenomenon unaddressed by today's American pediatric and public-health disputants-is difficult to evaluate. The trend has been slow. It deals with hard-to-track events and hard-to-discuss subjects, and it disrespects disciplinary boundaries. Investigational enthusiasm has not traveled much beyond the life sciences and allied fields. Scholars of the social sciences, other than demography and the medically oriented sections of sociology and anthropology, have shown little interest. Scholars of the policy sciences have shown none.
One difficulty, especially for the scholar comfortable only in a single field, is conceptual. The trend toward earlier puberty fuses and confuses change of two types, change in culture and change in nature.
The constancy of culture may be a goal for social conservatives and an analytical presumption in some fields, classically anthropology, but it otherwise these days seems a contradiction in terms. The plasticity of culture, more obviously than its constancy, is globally in evidence and is first in line both for credit and blame. Betterment would be impossible without it, but decadence is its cost.
The constancy of nature is another matter. It is a useful presumption over short periods, just as the flatness of the earth is over short distances. In the case of living things and quasi-living things-the latter being viruses, viroids, and, arguably, prions-constancy is still usually presumed to prevail between mutational events, genetransfer events, or selection events. But an organism's environment may alter its function, rather than its complement of genes, and functional alteration may or may not, in the end, alter selection. Bacteria, for instance, may behave differently if cultured differently. Nurture can change their nature, meaning here the nature we expect.
Human nature has not ordinarily been discussed in terms at all similar to these, though it has long been discussed as varied. We behave in ways influenced byand to some extent even determined by-the culture in which we have been nurtured, using "culture" here in its uniquely human sense, rather than its microbiological sense. But what if "culture" had for us, for Homo sapiens, an unexpected extra meaning, one closer to the meaning it has for, say, Escherichia coli (Diez-Gonzalez, Callaway, et al., 1998) ? What if we spoke of nature being changed by nurture in the human case? Could change in childhood then be explained in part by change-real somatic and functional change-in children? Could a nurture-dependent change in nature be making a change in culture?
This article takes seriously the possibility that children themselves have changed-not everywhere, perhaps, and not uniformly, but widely and recognizably enough. It respectfully acknowledges the ordinary advisability of assuming, as John Locke taught, that changes in children over time would have to be the products of circumstance and teaching exclusively, that "natural tendencies" would remain the same (Sprinkle, 1994:44-48) . Nonetheless, this article is written to explore the partly contrary and partly complementary hypothesis that natural tendencies have themselves been affected by circumstance, by environment.
The Rise and Fall of Puberty
Many signs of maturation are obvious and hard to hide, others hidden but hard to forget. Some are seen for what they are only by a trained eye. Some are appreciated best in a laboratory. They come in an overlapping sequence: thelarche, or onset of breast development; enlargement of external genitalia; hair changes, such as darkening, shaft thickening, and eruption of pubic and facial hair; acceleration of height gain and weight gain with increase in adiposity or "fatness," especially in girls, and muscle mass, especially in boys; menarche, when a girl's periodic bleeding, her menstruation, begins; spermarche, the spontaneous appearance of spermatozoa in centrifuged urine examined microscopically; acne vulgaris; voice alteration, which is more definite in boys, whose voices "break," than in girls; and psychological and behavioral changes, which occur throughout. The transformations underlying these signs make mating behavior feasible. They also make physical violence less feasibly committed against and more feasibly committed by the developing child.
Pubertal timing for individuals can be precocious, normal, or delayed. The first and last types are rare, and their subtler presentations cannot easily be distinguished from the extremes of normality. Consequently, somewhere between precocious and normal is "early," and the diagnostic criteria for early puberty have repeatedly needed revision (Kaplowitz and Oberfield, 1999) . Pubertal timing for populations can be stable or changing, comparatively early or late, but "normality" for populations is not often a useful term. Of course, normality as a statistical concept has not changed at all, and "early" and "late" development have migrated with the mean. Unfortunately, studying the effects of now-early pubertal timing among now-normal adolescents tells us less than we might wish about the societal effect of a long, slow fall to modern norms.
Newer and Older Data
Several hundred modern studies of presumably normal adolescents in many countries and circumstances have reported or reviewed the mean ages of entry into and completion of puberty or the mean age at which certain maturational markers, such as menarche or final height, have been reached. Many of these studies have featured comparisons to data collected a few decades or a few generations earlier according to methods fully revealed or easily inferred. Results of such time-series trend analyses are made more or less convincing by the quality of the individual data sets used, by the similarity of the groups compared, and by the statistical power of the comparative tests performed. The nearly uniform conclusion of the authors of this body of work is that averages have fallen remarkably (Tanner, 1968) . Whether averages are continuing to fall is not as widely agreed.
Credible premodern data are fewer. While lacking the controls and precision expected today, some premodern sources, such as parish registries, nonetheless contain readily recognized information: age and height, age at marriage, age at first birth, even age at menarche. Several sources record such information in named communities in specified years beginning, in one instance, as early as the late sixteenth century (Tanner, 1981:254-98; Stephan, 1990) . Several other data sets, never intended for future study, have, through prodigies of inference, been adapted. A modern study using male voice breaking as a maturational marker relied on the vocal-range records of J. S. Bach's boys' choir in eighteenth-century Leipzig, comparing peacetime to wartime and going on then to compare Bach's eighteenth-century cohort with a twentieth-century analogue (Daw, 1970) . Another modern study, this one using peak height velocity-characterizing the adolescent "growth spurt"-as a marker, relied on samples of mandatory anti-smuggling age-and-height identifiers in bills of lading for the forty thousand Americans shipped as slaves between United States ports in the fifty-six years from the suppression of slave trading on the high seas to the abolition of slavery itself at home (Trussell and Steckel, 1978; Steckel, 1979; Tanner, 1981:164-68) .
Premodern data can be even older, of course, and some of the oldest are among the most intriguing. One modern analysis argues from Sanskrit legal commentaries that upper-caste Aryan girls in India about two thousand years ago experienced menarche around the same age as upperclass girls in developed countries do today. However, among the social policies advocated in these commentaries was pronatalism, and among the moral ends pursued were suppression of female licentiousness and avoidance of the "killing of embryos," which latter was reasoned to occur at each menstruation-in other words, at each failure of fertilization (Datta and Gupta, 1981) . More atten-tion might then rationally have been paid to the age at which menstruation ceased to be rare and marriage, if not always the consummation of marriage, began to be advisable. This particular complexity is absent in contemporaneous Western data but is more than fully replaced.
In the West, interpretation of antique and antiquity-intimidated sources is far from straightforward. Few writers bothered much with puberty, at least not in their surviving or cited works. Some discussed maturational markers-breast enlargement, menarche, the eruption of pubic and facial hair, marriage, procreation-but in jumbled combinations. Many were influenced by a traditional division of the human life course into fixed segments, whose durations were typically seven years or multiples of seven years. Many also conformed their observations to ideals standardized in civic or canon law, wherein puberty or nubility came to be defined as occurring at certain fixed, and rather young, ages. Some may have been counting completed years, as we now count birthdays. Others may have been counting completedplus-current years, as we now count centuries. None, having no reason to do so, counted completed years plus completed months. Few writers made any mention of variation by what we now call socioeconomic status, and none till the Renaissance gave much sense of the mean age or distribution of ages at which a maturational marker was reached. That said, the most sophisticated reading of these premodern Western sources suggests that maturation, region by region, latitude by latitude, was earlier than it later became, though not as early as it now is (Tanner, 1981:1-31) . Table 1 presents a selection of findings. Many of the data represented were collected retrospectively. In the case of menarche, even some modern studies must still rely on "recall" to a degree. The more remote the recall, the less likely it is to be accurate, especially as to month (Koo and Rohan, 1997) , though recall's generally preferred alternative, the status quo or probit method, may be less reliable in some settings (Artaria and Henneberg, 2000) . Whereas some of the data in this table were collected among advantaged children, others were collected in conditions that today would be considered deprived or abusive. Some were collected among "wage-slaves," some among race-slaves, some during wartime. Lastly, some of these data evoke more than scientific interest. Despite the present fashion for recreating the sound of baroque and classical music as originally performed, we can never duplicate, and can hardly imagine, the sonic capabilities of Bach's boys' choir, since so many of its voices were unbroken and so many of these belonged to veteran singers.
Few studies, and no older ones, report all that we might want to know about subjects and circumstances. Some data sets do offer opportunities for reanalysis, and some might be adapted to meta-analyses. For the most part, though, imperfections must be accepted as they are.
Impressions and Inconsistencies
Summary impressions are these. Maturational markers are attained about two to three years earlier now than a century or two ago. They are usually, but not strictly, attained earlier in better socioeconomic circumstances. They are commonly attained earlier even in circumstances still regarded as comparatively bad. Decline in the mean age of their attainment in some places has slowed , perhaps asymptotically. It may have stopped (Tryggvadottir, Tulinius, et al., 1994; Helm and Grolund, 1998) or even reversed (Richter, 1990; Hulanicka and Waliszko, 1991; Iampol'skaia, 2000) in a few settings, but it has not stopped everywhere (Papadimitriou, Gousia, et al., 1999) and may not have stopped permanently anywhere (Olesen, Jeune, et al., 2000) .
These impressions must accommodate two inconsistencies.
The first is that no curve fit to credible data could sensibly be extrapolated much into the past unless best estimates of ancient maturational patterns were wildly off their mark. If maturation did indeed slow between ancient and modern times, why might it have done so?
Late medieval European chroniclers would have had an all-too-ready but not wholly implausible explanation: decline from a prosperous classical past, from a golden age of bounty and commerce. However, the intercity cathedral-erection competitions of Europe's twelfth and thirteenth centuries, or then surely the post-plague economic expansion of the fourteenth and fifteenth, should have marked the obsolescence of this rationale.
Environmental historians now could offer a more nearly universal explanation: the Little Ice Age, the cool period that began some time after 1300, after the building boom of the Medieval Warm Period. While the Medieval Warm Period may have been more nearly localized to Europe than once thought (Overpeck, 1998) , the Little Ice Age must have affected most of the globe. It doomed the Norse colony in Greenland, killed the orange groves of China, froze the Thames and New York harbor, and ended as recently as the latter half of the nineteenth century. The Little Ice Age in some of the more severely affected regions was, of course, an epoch of spectacular achievement, of ever-faster social, agricultural, commercial, and industrial adaptation, of exploration and investigation. Yet it must also have been for masses of humanity an epoch of chronically increased and intermittently critical physiological stress. The mitigation of this stress was increasingly practicable through innovations in technology, such as technology for farming and mining, and expansions in trade, such as trade for food and furs, but more so for the better off and less so for others.
The second inconsistency is that child brides, child soldiers, child laborers, child hustlers, and other children-asadults seem more associated with previous times than with our own. This impression may be wrong in some respects. Trussell, R. and Steckel, 1978; Steckel, 1979; Tanner, 1981:164-68 48
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The Trend Toward Earlier Puberty Note: Entries are arranged first by marker studied or observed, with markers listed in typical maturational sequence; second by population, setting, or reference; third by year, era, or cohort. Graham, Larsen, et al., 1999 Born 1974 Cotton and rice farmers, Anhui Province, China Menarche 13.7 • Graham, Larsen, et al., 1999 Rice farmers, no pesticides Menarche 16.5 • Graham, Larsen, et al., 1999 Rice farmers, endocrine-non-disrupting pesticides Menarche 17.2 • Graham, Larsen, et al., 1999 Cotton farmers, no pesticides Menarche 15.5 • Graham, Larsen, et al., 1999 Demographic transitions, post-colonial warfare, collapse of rural economies, rural-to-urban migrations, "globalization" of subsistence-wage manufacturing, AIDS orphaning, and sex tourism have guaranteed the persistence of exploitation. They may even have led to the absolute increase of uncompensated misfortune, uncorrected misadventure, and unpunished mistreatment in childhood. Yet, in rich and orderly societies the cited impression may be a reliable one.
Consider the age-of-consent campaign in the United States. As late as 1885, the age at which a girl could "give consent" to sexual relations was typically ten years; in no state was it older than twelve, and in Delaware it was seven. By 1920, however, the age of consent had been raised to sixteen or eighteen everywhere but in Georgia, where it had been raised to fourteen (Odem, 1995:8-37) . If taken as indirect evidence of maturational pace, this account would suggest that puberty a century or so ago was actually earlier than now, rather than later, and that a slowing of maturation forced an adjustment of statutory standards. Of course, initiation and partial success of the age-of-consent campaign are far more easily accepted as direct evidence of sociopolitical modernization, notwithstanding the admission that child-bride stories are still occasionally being written, even in America (Argetsinger, 1998) . Moreover, the flagrancy of childhood exploitation associated with times when maturation was demonstrably slower than today may support the commonsense notion that smaller, weaker, and more compliant children are more easily abused.
Shorter and Longer Views
The trend toward earlier puberty is subtle enough to miss, or to dismiss, even decade-to-decade. It has been too gradual to complicate any but the most audaciously comparative cross-sectional analyses, too gradual to permit intragroup time-series analyses if limited to data sets meeting modern standards. Even if recognized, the trend toward earlier puberty may be seen only in close-up view, especially by social scientists. Yes, it may contribute to awkwardness where emphasis on schooling and career preparation delays the age of social maturity, but it could not contribute much: "Thus, young people are becoming fertile a bit earlier than they used to but getting married much later…" (Luker, 1996:90) . The trend is real but swamped by other trends, objectively real but analytically irrelevant. Some researchers may acknowledge marginal change only to set it aside, leaving historical process unexamined.
Further, since the greatest change in adolescent sexual behavior, some argue, has occurred only in recent decades, the long "secular trend" toward earlier puberty should be discounted as a contributor to its explanation (Petersen and Crockett, 1992 ). Yet behavior, and specifically sexual behavior, is a dynamically complex product of urge, obligation, motivation, opportunity, restraint, caution, and precaution. Indeed, even just in American history, sexual behavior has been principally involved in several liberalizing revolutions, with only the last-and-ongoing oneours-facilitated much by technological innovation; repressions have been at least as numerous as revolutions (Vinovskis, 1988 (Vinovskis, , 1992 . Sexual behavior has also varied not just by era but also by culture; premarital pregnancy rates, for instance, were far higher, and persistently so, among the Scots-Irish settlers of America's backcountry than among the Puritan, Anglican, and Quaker settlers of its coast (Fischer, 1989) .
A longer view would show puberty, as well as other achievements of the pituitary-gonadal axis, coming "a bit earlier" in most years in many places for centuries, and it might also show behavior changing as a consequence. Long views, though, take in much bewildering territory: transitions in socioeconomic circumstance and nutrition, of course, but also transitions in societal composition and even in culture itself. But some long views are surprisingly clear.
A sizable village parish at Ditfurt, near the Harz Mountains in Germany, maintained marriage and birth records from 1594 to 1939; its records from 1655 to 1939 have survived intact. Analysis of the intervals between marriages and first births for women cohorted quasi-experimentally by age at marriage has suggested that in the years 1655 to 1774 menarcheal age was typically about 16.9 years for the small minority of women marrying before their seventeenth birthdays. These youngest brides are thought to have come disproportionately from more prosperous families; if so, they may have been earlier developers because they had been nutritionally advantaged. This reasoning has put at 17.5 to 18.5 years the estimate of mean menarcheal age for the large majority of women marrying later. The earlydevelopment notion may, though, be inconsistent with the observation that the youngest brides had longer marriageto-first-birth intervals; perhaps they had earlier acceptable mating prospects for socioeconomic reasons alone. At any rate, in subsequent generations, as the mean age of menarche must have been declining toward modern levels, reproductive behavior seems to have changed, first slowly and then rapidly. Ditfurt's premarital birth rate-its "illegitimacy" rate-rose from a low of 1 percent in the years 1655 to 1684 to a high of 11.5 percent in the years 1925 to 1939. Almost all of the rise occurred from 1865 on. Among women married between ages 18.1 and 20.0 years, when menarche had likely been reached but when marriage was still at least 2.3 years earlier than the community median, the proportion of first births after less than nine married months-the "premarital-conception-plus-premature-delivery" rate-rose as well, from 6.2 percent to 64.4 percent. Almost all of the rise occurred from 1805 on; the lowest rate, zero percent, was recorded in the years 1715 to 1744; the highest, an astounding 84.6 percent, was recorded in the years 1865 to 1894. These data suggest that reproductive nature was changing reproductive culture, and in ways likely to have dismayed many elder observers, especially 50
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The Trend Toward Earlier Puberty since the age of first marriage for women varied almost not at all over these three centuries from its traditional median in the early twenties (Stephan, 1990) .
Correlates and Causes
A popular account of the trend toward earlier puberty may for most purposes be near enough to the truth. Healthier, better-fed people have developed more quickly, just as they have grown much taller and just as other measures of their physical capability and physiological resilience have advanced. They run and swim faster, jump higher and farther, and lift more, Olympiad by Olympiad, and they live longer, except in places where standards have fallen or wise practices have been corrupted. Most of this bodily progress has coincided with and is explained by social, technological, and economic progress. With depression and war supplanted by ever-improving conditions nearly the world around, the full potential built into our species by millions of years of adaptive evolution is at last becoming manifest.
Unlike most consequences of good fortune, though, the trend toward earlier puberty may on balance be disadvantageous. Further, while much evidence supports the popular account of its cause or causes, other evidence invites a reexamination.
Inheritance
The mechanisms involved in maturational accelerationand in the deceleration that may have intervened between ancient and early modern times-must themselves have been the products of natural selection. Indeed, the capacity for maturational modulation in humans must have been selected at a point deep in our evolutionary past and conserved avidly ever since. Yet "earliness" in puberty cannot easily be attributed to mutation-selection events, the occasional argument to the contrary notwithstanding (Treloar and Martin, 1990) . It might, though, be attributed to the interactions of genes already prevalent and other factors either new or newly prominent.
Recent work suggests that genetically determined variations in the metabolism of endogenous testosterone may explain some of the pubertal timing difference found among some girls (Kadlubar, Berkowitz, et al., 2001) . Additional variations no doubt will be described in future in both sexes. Other differences may also be genetically determined, at least in part. For example, the correlation of menarcheal timing is much stronger in monozygotic twins than dizygotic twins (Fischbein, 1977; Meyer, Eaves, et al., 1991; Kaprio, Rimpela, et al., 1995) . It is stronger also in singleton sisters than unrelated pairs (Jakic and Prebeg, 1994) and stronger in mother-daughter pairs than case-matched unrelated pairs (Brooks-Gunn and Warren, 1988) . However, prevalences of genetically determined variations could hardly change quickly enough through natural selection to account for the trends observed in otherwise stable populations.
Health
Serious disease in an individual child can make maturation abnormally slow; chronic renal failure delays puberty by about two years, for instance (Wuhl and Schaefer, 1999) . High disease burden seems to have an analogous effect in a population. Analysis of the latter case is impeded, though, by the association of a public's health with many factors, such as food supply, food and water quality, economic and infrastructural development, industrialization, wealth disparity, and war. Also, many data show a suspiciously monotonic decline in the average age of menarche, the most commonly recorded marker, in times when and places where tuberculosis and other endemic diseases, as well as crowding and child labor, exacted a terrible public-health toll: nineteenth-century Britain, for example. Still, more and more children might have been healthier most of the time, just as in much of the world in the latter half of the twentieth century.
Circumstance
Socioeconomic status is a psychological perception, a behavioral predictor, and a material surrogate. It is not simple to define or measure, yet its correlation with maturational pace has been impressive. Indeed, some scholars, confident in the meaning of this correlation, have concluded that age at menarche could be used as a marker for social development (Kac, Auxiliadora de Santa Cruz, et al., 2000) .
Some data, mostly but not exclusively from richer countries, have shown no independent effect of socioeconomic status (Roberts and Dann, 1975; Roberts, Danskin, et al., 1975; Roberts, Wood, et al., 1986; Helm and Lidegaard, 1990; Dann and Roberts, 1993; Cameron and Nagdee, 1996) or have shown an inconsistent effect (Ulijaszek, Evans, et al., 1991; Sanchez-Andres, 1997) . Much other work, though, has yielded the more expected result: birth into a higher-status community or race, adoption into a higherstatus community, and adolescence in improved circumstances all correlate with earlier puberty. Analogous findings, from sparse data, have come from Gombe, Tanzania, where the daughters of high-and middle-ranking female chimpanzees have enjoyed better life prospects, gained weight faster, and may have had a better chanceor a higher risk-of reaching reproductive maturity early than the daughters of low-ranking females (Pusey, Williams, et al., 1997 ).
Socioeconomic status is described for individuals and for the groups that individuals sharing certain characteristics may form, whether in fact or theory. Communities, like countries, contain rich and poor alike, so measures of community wealth, such as an appropriately corrected gross domestic product, conceal much detail. These measures, too, have correlated with maturational pace, but only when they have changed smoothly over time. In one study, gross domestic product displayed a lag, suggesting that it had operated latently in the perinatal period, rather than later on in the peripubertal period itself (Liestol, 1982) . In another study, average income unexpectedly correlated directly with age at menarche: the lower the income, the lower the age of first menstruation-and, incidentally, the greater the body weight (Liestol and Rosenberg, 1995) .
Among these and many other more-or-less reliable endorsements of expectation, though, have been hints of deeper physiological complexity. In 107 underprivileged Indian girls adopted before first menstruation into Swedish families, the mean and median ages of menarche were strikingly low: 11.5 and 11.6 years, respectively-much lower than for contemporaries born and raised in Sweden. Among those girls adopted later in prepuberty, these ages were lower still (Proos, Hofvander, et al., 1991) . So often have such immigrant adoptees become candidates for puberty-blocking agents that the Swedish Growth Hormone Advisory Group, worried that standard intervention might be failing to maximize final height (Tuvemo and Proos, 1993) , was able to recruit and randomize a cohort of fortysix to test a refinement (Tuvemo, Gustafsson, et al., 1999) . These experiences, and others (Baron, Battin, et al., 2000; Bona and Marinello, 2000; Krstevska-Konstantinova, Charlier, et al., 2001) , suggest a priming effect with subsequently exaggerated response to an adoption-associated signal or signals. Refeeding maturationally delayed malnourished children may "reawaken" their somnolent gonadotropic axes (Veldhuis, 1996) , resulting in "catch-up" development. However, "come-from-behind-to-leapahead" development suggests a different or an additional and interacting mechanism.
Nutrition
The factors most often credited with maturational modulation have been nutritional and, in the absence of overt malnutrition, dietary. The testing of assumptions in this regard, though, has produced some surprises, such as a mean age of menarche "not as delayed as expected" in seriously undernourished Bangladeshi villages .
Correlation of menarcheal age with energy intake is inconsistent. Correlations with energy-adjusted intakes of protein, fat, or carbohydrate appear not to be independent, and correction for height and adiposity-for size and appetite, basically-suggests that particular dietary factors are not causative (Meyer, Moisan, et al., 1990; Maclure, Travis, et al., 1991) . Correlations reaching statistical significance have been far easier to find, using stepwise linear-regression methods, than to interpret (Berkey, Gardner, et al., 2000) .
In Guatemala, a long-term village-to-village comparison trial of high-energy-high-protein supplementation versus low-energy-no-protein supplementation showed no menarcheal-age decrease with the more nourishing preparation; an unsupplemented control group, composed of girls and young women moving to the test villages, menstruated earliest of all. Parenthetically, average age of menarche was lower in girls of higher socioeconomic status, and it declined in all three groups over the course of the study, even after controlling for the skewing effect of late maturation in individuals (Khan, Schroeder, et al., 1995) .
In a study of four ethnic groups in South Africa, menarche did seem related to dietary pattern, but breast development, the earliest outward sign of puberty, did not, occurring at much the same time in all groups: ethnic, dietary, and menarcheal. Furthermore, obesity was observed even in the poorest group (Richardson, Laing, et al., 1983) . Limited evidence does, though, suggest that maturational pace may be correlated with vegetable fiber intake. Its variation may, of course, imply little more than reciprocal change in other key intakes-if more fiber then less fat, for example-and fiber-related change in the absorptive efficiency of the gut. Yet lower vegetable fiber intake-less "health" food, not more, and so perhaps more fat-has been reported in girls with earlier breast development (de Ridder, Thijssen, et al., 1991) . A vegetarian diet has even been proposed as a "fix" for the rush to puberty (Sanchez, Kissinger, et al., 1981) , though it seems to make no difference in southern India, where vegetarian and nonvegetarian girls are indistinguishable in terms of menarcheal timing , and little if any difference among both girls and boys in Flanders (Hebbelinck, Clarys, et al., 1999) . Occasional reports bring limited attention to other nutrients as well (Wu and Dai, 1999) .
Not surprising at all is the slowing of maturational attainment during war, a slowing most intuitively attributed to a decrease in the quality, quantity, and consistency of nutrition. War being complicated, though, the data derived from it can be tricky to interpret. The War of the Austrian Succession seems to have delayed voice breaking among Bach's choirboys. Did Bach, a conspicuously inventive Kapellmeister, keep his newly matured altos singing silently as back-row sopranos to keep them out of uniform? Christoph Wolff, preeminent modern Bach biographer, guesses no (Wolff, personal communication, 2000) .
Constitution
The trend toward earlier puberty has also been associated with constitutional factors, though not unambiguously. In regard to menarche specifically, critical-weight-gain, fatness-as-trigger, and body-composition theories have received the most attention (Frisch and McArthur, 1974; Frisch, 1976) . They have not, though, passed review in all respects (Trussell, 1978 (Trussell, , 1980 Garn, LaVelle, et al., 1983;  52
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The Trend Toward Earlier Puberty Garn, LaVelle, et al., 1986; Vizmanos and Marti-Henneberg, 2000) and have fit facts poorly when girls with known endocrine anomalies or obesity have been compared to controls (Crawford and Osler, 1975) . Further complicating this picture have been hard-to-reconcile correlation reports, such as one that low-birth-weight Catalan girls develop early and end up short (Ibanez, Ferrer, et al., 2000) and another that Filipino girls long and thin at birth develop earlier than those short and light (Adair, 2001) . Still, in settings worldwide, postmenarcheal girls have repeatedly been found to be taller, heavier, and fatter than premenarcheal girls (WHO, 1986; Simondon, Simon, et al., 1997) , and fatter girls have been found to menstruate earlier, grow tall earlier, achieve final height earlier, and be shorter-not taller-at the end of growth (Jaruratanasirikul, Mo-suwan, et al., 1997; Biro, McMahon, et al., 2001) .
Weight gain and fatness, though they may be signals themselves, must also be signs of prior signaling. But prior signaling by what? Leptin, the fat-cell-derived product of the ob gene, has been proposed as an important prior signal (Mantzoros, Flier, et al., 1997) , but some investigators have thought it more likely to be only a permissive factor (GarciaMayor, Andrade, et al., 1997; Matkovic, Ilich, et al., 1997; Cheung, Thornton, et al., 2001) or even just a gender-neutral marker of fatness (Arslanian, Suprasongsin, et al., 1998; Heger, Partsch, et al., 1999) ; levels are low in anorexia nervosa and, as shown in female gymnasts, even lower in anorexia athletica (Matejek, Weimann, et al., 1999 ). Leptin's importance is far from clarification (Foster and Nagatani, 1999; Kiess, Reich, et al., 1999; Chehab, 2000) .
Activity
Functional factors may also modulate maturation. In girls, at least, strenuous physical activity is in some respects a decelerator. Rice-farming girls mature more slowly than relatively less stressed cotton-farming girls (Graham, Larsen, et al., 1999) . Breast development and menarche have been reported to be later in ballet dancers pursuing their art intensively from early adolescence; in one study, menarche was almost three years later than expected (Warren, 1980) . Menarche has also been found to be later, often much later, in athletes, such as gymnasts (Claessens, Malina, et al., 1992; Georgopoulos, Markou, et al., 1999) ; six of the women competing in the Montreal Olympic Games of 1976 were actually premenarcheal (Malina, Bouchard, et al., 1979) . Among competitive swimmers, the more successful the athlete, the later the menarche (Stager, Robertshaw, et al., 1984) . Some of the maturational difference between young female athletes and nonathletes may be statistically artifactual (Stager, Wigglesworth, et al., 1990) . Some of it may be genetic or familial, with latermenarche mothers, athletic or not, tending to have latermenarche daughters, but most of it cannot be explained in this way (Brooks-Gunn and Warren, 1988; Stager and Hatler, 1988; Theintz, Howald, et al., 1989; Baxter-Jones, Helms, et al., 1994; Malina, Ryan, et al., 1994; Malina, Katzmarzyk, et al., 1997) . Finally, some of the observed difference may be explained by a selection effect (Hata and Aoki, 1990; Tonz, Stronski, et al., 1990; Baxter-Jones, Helms, et al., 1994) , since the incentive, or the option, to participate must persist longer for more successful girls, and some types of competition might favor physiques combining the overdevelopment of muscle with the underdevelopment of other tissues, such as fat and perhaps also bone (Bass, Bradney, et al., 2000) . It is interesting to note in this last regard that strenuous gymnastic training evidently retards bone age and reduces growth potential and final height in girls (Theintz, Howald, et al., 1989; Theintz, Howald, et al., 1993) . Phenomena analogous to these are not obvious in boys (Sprynarova, 1987; Weimann, Witzel, et al., 2000) .
Situation
As has often been observed, girls in larger families begin menstruating later than girls in smaller families (Singh, 1972; James, 1973; Roberts, Danskin, et al., 1975; Gallo, 1977; Attallah, 1978) . However, poorer families and families in poorer countries tend to be larger, making collinearity with socioeconomic status difficult to exclude. The effect of birth order has also been investigated, but, again, collinearity has been a problem (Salces, Rebato, et al., 2001 ). Nonetheless, the apparent effect of family size or birth order has often been attributed to a cause: resource scarcity, all daughters competing with each other for food and other advantages of parental favor, younger daughters competing with more and larger siblings than did older daughters. This household-level microeconomic explanation may hold in special circumstances, but as a general theory it is unsatisfactory at best. Mean menarcheal age has sometimes been seen to vary irrespective of family size or birth order despite a range of resource endowments that must have been wide, as in Nigerian girls whose prepubertal years spanned the war to end Biafran secession (Oduntan, Ayeni, et al., 1976) . Conversely, mean menarcheal age can vary with respect to family size or birth order but without respect to socioeconomic variables other than family size, as found in South African Indians (Cameron and Nagdee, 1996) . It can also vary with respect to family size or birth order in an ethnically heterogeneous and maturationally exceptional, albeit menstrually distinctive, population: Olympic and university athletes, in whose families resource scarcity must either have been absent or been experienced only by siblings (Malina, Bouchard, et al., 1979; Malina, 1983; Malina, Katzmarzyk, et al., 1997) . The mechanisms at work with respect to family composition are unidentified and apparently sometimes quiescent; sociobiological (Moffitt, Caspi, et al., 1992) , pheromonal (Morris and Udry, 1978; Burger and Gochfeld, 1985) , and paternal-effect (Risquez and Lopez-Herrera, 1992 ) theories have been offered but not accepted.
Could parental favor or disfavor affect pubertal timing directly? An eight-year prospective study of 173 girls has been interpreted as showing that parental affection and "positive-harmonious" family relations tend to keep puberty in abeyance, whereas parental disaffection and "negative-coercive" relations tend to bring it forward. The evolutionary implication would be that sexual maturationmeaning actual bodily change, not maturation-dependent misbehavior-functions as a physiological escape route from oppressive parents, mostly fathers or stepfathers (Ellis, McFadyen-Ketchum, et al., 1999; Ellis and Garber, 2000) . Yet a nearly worldwide and clearly centuries-long trend is hard to explain as psychosomatic, in the most tangible sense of that word, and parenting is unlikely to have deteriorated so similarly in so many societies over such a long time. Alternative implications could be that earlier-developing girls, though they may still be far from menarche, are simply harder to raise, that fathers become increasingly reluctant to show affection toward them as signs of maturation become more obvious, and that earlier puberty tends to make family relations more negative and parental tactics more coercive than they otherwise might be.
Toxicity
Some toxicants are known to alter hormone metabolism or reproductive function or both in animals, including H. sapiens. After much controversy, a multiregional decline in human spermatozoal density and quality has generally been acknowledged as real (Swan, Elkin, et al., 1997) . Some authorities have blamed this decline, as well as increases in the incidences of testicular cancer and male genitourinary-tract anomalies, specifically hypospadias and cryptorchidism, on chronic low-level exposure to certain synthetic pesticides and to other industrial chemicals showing estrogenic activity. More recently implicated, though, has been a different suspect in at least the spermatozoal case, indoor exposure to toxic metabolites emitted by bacteria and fungi (Peltola, Andersson, et al., 2001) .
Among the effects that some commentators have attributed to chemical toxicants has been earlier puberty (Wilson, 1997) . Evidence supporting this attribution is mixed.
Through an accident in Michigan in 1973, over four thousand Americans were exposed to polybrominated biphenyls, or PBBs. In subsequent years, earlier pubarche and menarche were observed in girls heavily exposed first prenatally and then through breast feeding (Blanck, Marcus, et al., 2000) . In contrast, polychlorinated biphenyls, or PCBs, and dichlorodiphenyl dichloroethane, or DDE, did not affect mean maturational pace in a large cohort of children with prenatal and lactational exposures estimated from maternal fat biopsies. Unexpectedly, the children in whom PCB and DDE were found tended to be bigger at puberty (Gladen, Ragan, et al., 2000) . In another study, DDE was found in 26 of 40 sexually precocious children moving to Belgium from developing countries, but in only 2 of 15 comparably precocious Belgian-born girls. These data are especially hard to evaluate since nonprecocious immigrants were not tested and since DDE's parent moleculedichlorodiphenyl trichloroethane, or DDT-is not used in Belgium (Krstevska-Konstantinova, Charlier, et al., 2001) .
Blamed as well have been increased and supposedly more significant exposure to natural estrogens, including the animal estrogens in dairy products and the plant estrogens in soy-based milk and meat substitutes (Sharpe and Skakkebaek, 1993; Jensen, Toppari, et al., 1995; Safe, 1995) . Newer outcome data probably exonerate soy (Strom, Schinnar, et al., 2001) .
The charge that "endocrine disruptors"-now a formal term, if still a confusing one-are harmfully at work in humans may need narrowing but may yet be sustained in some settings. One such could be Puerto Rico, where for a generation isolated premature thelarche-breast development without other signs of pubertal precocity in girls under eight years of age-has been endemic. One or more industrial-nutritional factors have been investigated, with attention perennially directed to pesticides and to the waste from factories making oral contraceptive pills. Eventually, high serum levels of phthalate esters were found in 28 of 41 thelarche patients but in only 1 of 35 control patients. Phthalates are "plasticizers" loosely compounded with polyvinyl chloride to enhance durability in sunlight and flexibility in countless everyday applications-for the kitchen, the playpen, and elsewhere. No residue of a pesticide or pesticide metabolite was found in any girl studied (Colon, Caro, et al., 2000) .
Harder to square with an endocrine-disruptor theory is a survey of Chinese farm women in contrasting regions: a cotton-growing county long reliant on endocrine-disrupting pesticides and a rice-growing county long reliant on endocrine-nondisrupting pesticides. Menarcheal age declined sharply in both counties over a forty-year span, more so in the county growing cotton and using endocrine-disrupting pesticides. However, menarcheal age declined no more sharply for women with premenarcheal exposure to endocrine-disrupting pesticides than without; actually, exposure was associated with a nonsignificant trend toward higher menarcheal age. In the rice-growing county, menarcheal age was clearly higher with premenarcheal exposure to endocrine-nondisrupting pesticides than without. These data may support a claim that rice farming is more arduous than cotton farming or that several classes of pesticides cause a comparative slowing of maturation but not that endocrine-disrupting pesticides accelerate it (Graham, Larsen, et al., 1999) . Phthalate levels were not reported.
Some toxicant may indeed be contributing to the trend toward earlier puberty. If so, it is more likely to be thought healthful than harmful, resulting in its being widely allowed 54
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The Trend Toward Earlier Puberty or even knowingly employed. Fitting this profile is at least one substance linked to variation in maturational pace. However, the link is weak, even illusory, and the substance itself, sodium fluoride, is proverbial as the focus of crank complaint. In the early years of municipal water fluoridation for dental-caries prophylaxis in the United States, child development was studied prospectively in two close and comparable New York cities: Newburgh, where fluoridation was initiated, and Kingston, where it was not. A decade's experience was reported in 1956, and it was all reassuring, despite the fact that the mean age of menarche among the Newburgh girls studied was 12 years 0 months, while among the Kingston girls it was 12 years 5 months. This apparently wide gap was an insignificant difference statistically, reflecting an age-distribution dissimilarity in the study cohorts. The reporting authors understood and were unperturbed (Schlesinger, Overton, et al., 1956 ). Silicofluorides, industrial by-products which have largely replaced the betterknown sodium fluoride as water additives in the United States, have not been studied in this regard.
A pair of broad objections to these toxicity theories can be raised.
The first is historical incongruity. The trend toward earlier puberty began long before the chemical and petrochemical and pharmaceutical industries, the internal-combustion engine, plastics, high-input agriculture, hormonally intensive animal husbandry and aquaculture, Western adoption of the soy bean, mass excretion of oral-contraceptive metabolites into surface water, and fluoridation. This objection might be set aside if one or more toxicants were blamed only for contributing to recent and current hastening, rather than for causing in whole or in part the centuries-long phenomenon.
The second objection is, to steal a term, gender bias. The trend toward earlier puberty has featured boys, not just girls, making any single exogenous hormonal effect-estrogenic or androgenic, agonistic or antagonistic-an unlikely common mechanism, though not a totally implausible one. Granted, the interaction of exogenous hormones and hormone effectors with endogenous hormones and the endocrine-reproductive system as a whole is intricate and potentially surprising. Granted further, males do normally produce some "female" hormones, and females do normally produce some "male" hormones; actually, a surge in diurnal testosterone, with highest levels between six and ten o'clock in the morning, may be critical for initiation and maintenance of puberty in girls (Ankarberg and Norjavaara, 1999) . Even so, a boys-plus-girls trend is hard to explain invoking mechanisms more plausible in one or the other gender than in both at the same time.
Altitude
Girls maturing at high altitude have long been thought to begin menstruation later than girls maturing at low altitude. In much of the world, though, residential altitude is an ethnic, socioeconomic, nutritional, dietary, and exertional surrogate. Simple observational data have been hard to interpret; menarche in Geneva has been a bit later than in Hong Kong, for example, but a bit earlier than in Stockholm (WHO, 1986) . Investigators trying diligently to isolate an altitude effect in sea-level and high-Andean girls in Peru have reported later menarche in the latter group (Gonzales and Villena, 1996) . The mechanism of this putative altitude effect is not clear. A link to anaerobic metabolism has been considered, but physiological studies of exercising boys have been hard to interpret (Fellmann, Bedu, et al., 1988) . Altitude could, though, be a surrogate for a different factor deserving attention in other terms: cold.
Temperature
Cold increases energy expenditure for maintenance of core body temperature, decreasing the calories available for development. Acute exposure to cold suppresses leptin secretion. Adaptation to cold keeps it suppressed (Trayhurn, Beattie, et al., 2000) . In humans with a capacity for clothing, cold also usually decreases dermal exposure to sunlight. Correspondingly, warmth-whether realized through climatic change, through migration toward the equator or the sea, through clothing, through ambient heating-might have developmentally permissive effects.
Latitude
Also considered, if not investigated, have been differences in latitude, which imply differences in mean ambient temperatures and, especially, seasonal means, as well as differences in diet and disease burden. Also implied are differences in the temporal patterns and intensities of light exposure. At higher latitudes, changes in the light-dark cycle are associated with changes in melatonin secretion from the pineal gland; humans seem less affected by these changes than do photoperiodic nonhuman mammals, but there is some evidence that human reproductive function is at least subtly influenced (Reiter, 1998) . Also, and enigmatically, in "older textbooks of gynaecology," it has been said, maturational pace was thought faster in equatorial or warmer climates than in nonequatorial or colder climates; in "newer" sources, the reverse (Jafarey, Khan, et al., 1970) . Change in latitude has not been much studied in maturing humans; precipitation of menarche among Indian girls adopted into Swedish families-and therefore into higher latitudes with unaccustomed seasonal photoperiodicities-suggests that it should be (Proos, Hofvander, et al., 1991) .
Season
Different animals may breed and bear at different times of the year (Adam and Robinson, 1994) . Not surprisingly, then, exposure to one cue set, such as lengthening days, may seem to do in a first species what exposure to a different cue set, such as shortening days, may seem to do in a second. The same can be said of some species whose young are born in either spring or autumn (Foster, Ebling, et al., 1988 ). Yet the demonstration of seasonal cueing in nonhuman animals-and, evidently, in their fetuses (Adam, Kyle, et al., 1995) -does not guarantee its function, even its vestigial function, in H. sapiens. We thrive in all latitudes, adjust to all weathers, and copulate impulsively (Palmer, Udry, et al., 1982; Ebling and Foster, 1989 ). Yet close scrutiny nonetheless does reveal nonrandom and consistently seasonal variations in our breeding (Jongbloet, 1983) .
Seasonality is well known to affect human mood through a light-dependent mechanism involving melatonin release from the pineal gland. Seasonality, especially the coming of spring with its lengthening photoperiod, also has demonstrable effects on the function of the human pituitary-ovarian axis, as has been shown in women of the subarctic (Kauppila, Pakarinen, et al., 1987) . Nor has the search for human seasonality in the attainment of maturational markers been futile, though its results have been confusing. Numerous studies demonstrate nonrandom circannual distributions of menarcheal timing, for example (Hillman, Slater, et al., 1970; Bojlen and Bentzon, 1971; Miura, Shimura, et al., 1979; Balasuriya and Fernando, 1988; Albright, Voda, et al., 1990; Boldsen, 1992; Rodgers and Buster, 1994; Gueresi, 1997) . Some also purport to show historical transitions in this clustering: in other words, a secular trend in the seasonal distribution of menarche (Shimura and Miura, 1980) . Not much sense has yet been made of these findings on a global scale, though. Peak months for menarcheal attainment may differ from one country to the next (Brundtland and Liestol, 1982) , and findings in the northern hemisphere are not reliably inverted in the southern hemisphere (Valenzuela, Nunez, et al., 1991) . Phylogenetic and ontogenetic hypotheses (Valenzuela, Spikumari, et al., 1996) and a living-condition hypothesis (Wolanski, Dickinson, et al., 1994) , all themselves tenuous, have been proposed as replacements for a seasonality hypothesis.
Seasonal cueing need not be photic, let alone photoperiodic, but often it is both. Conversely, neither photic nor photoperiodic cueing nor other light-related influences need be seasonal, and often they are not.
Light
We evolved-in the water, at the water's edge, in the forest canopy, on the savannah-in energy-laden light and information-laden photoperiods, solar, lunar, and even stellar. If human reproductive physiology is at least indirectly affected by light, then a secular change in that physiology could plausibly in part be light's product, since a secular change in our exposure to light, natural and artificial, has most definitely occurred, and roughly in step with the trend toward earlier puberty.
In nonhuman females, photoperiodic cues seem to work through the pineal gland and its secretion of melatonin. The husbandry of certain animals, including cattle, swine, and fish, sometimes employs light as a maturational modulator. Indeed, both natural and artificial light, including supplemental light, can alter the timing of puberty or estrous cycles or can augment gonadotropin levels in laboratory or commercial species or both (Mahone, Berger, et al., 1979; Hansen, Kamwanja, et al., 1983; Fauconneau and Gauthier, 1984; Yellon and Foster, 1985; Lee, K. H., 1986; Meiners-Gefken, Schmidt-Baulain, et al., 1988; Roche and Enright, 1988; Paterson and Pearce, 1989; Adam and Robinson, 1994; Ringuet, Pelletier, et al., 1994; Adam, Kyle, et al., 1995; Enright, Zinn, et al., 1995; Meek, Lee, et al., 1995) . Furthermore, some wavelengths of light may be more effective than others (Wheelhouse and Hacker, 1982) , and, in some experiments, light's absence-total darkness-has been found to delay puberty (Agricultural Research Institute of Ontario, Canada, 1977).
Melatonin's functions far out along our branch of the evolutionary tree may or may not include maturational or reproductive timing (Law, 1986; Cavallo, 1993; Reiter, 1998) , but this timing may nonetheless be affected, if not controlled, by light. Photoperiodic cues may still participate in the establishment and maintenance of ovulatory menstrual cycles, and-vindicating some well-meant 1910 "quackery" (Kellogg, 1927 )-can regularize menstrual cycles therapeutically (Dewan, 1967; Dewan, Menkin, et al., 1978; Kripke, 1993) . But these cues may not require for their effect the intermediation of melatonin. How might they work? How subtle could they be?
Could important cues be as subtle as moonlight? Lunar periodicity in human reproduction is surely among the oldest of biological observations, and many of its manifestations persist. The menstrual cycle's modern mean and median lengths are both 29.5 days, just the same as a lunar month (Treloar, Boynton, et al., 1970) . The average length of gestation-266 days from conception to crowning-is within hours of being nine lunar months exactly (Menaker and Menaker, 1959) , and, correspondingly, a hint of lunar periodicity may also be found in the timing of spontaneous births (Criss and Marcum, 1981; Guillon, Guillon, et al., 1986) . Some other manifestations, for which historical claims have been made, are hard to find now. Women in many preindustrial groups, such as the aboriginal Yurok of the northern California coast, were described as menstruating in synchrony with each other and in phase with the moon (Buckley, 1988) , but proof is lacking. Menstrual synchrony is still reported, as among women in a college dormitory (McClintock, 1971) and among pairs of identical twin girls (Nakamura, Harada, et al., 1993) , but much menstrual-synchrony work has been doubted on methodological grounds 56
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The Trend Toward Earlier Puberty (Wilson, 1992) . Among researchers crediting the phenomenon, a pheromonal mechanism has attracted particular investigational interest (Stern and McClintock, 1998) but also some caution (Silvotti, Montani, and Tirindelli, 2003) .
Evidence of "lunar-phase locking" now is apparent only statistically in large data sets. Women whose cycle lengths are closest to the lunar norm do tend to cluster together in their menstrual timing, but in more than a single lunar phase. In one data set, they appear to cluster around the full moon (Cutler, Schleidt, et al., 1987) , and, in another, the new moon (Law, 1986) .
Lunar periodicity is hard to dismiss as a coincidence, but it might still be set aside as a relic. The moon's message-tidal, which is to say gravitational, or photic or both-was seemingly read right into our evolution somewhere along the line, but whether it affects us much in real time these days is hard to say with confidence. If photic, it might first be blocked by roofs and walls and then be lost in a riot of competing lights, including many that are more intense and in several ways more complex. In modern times, then, the lunar-like mean and median of the menstrual cycle might be taken as votes against the regulatory importance of moonglow, to which so few of us are now reliably exposed. Conversely, the commonplace irregularity of menstruation might be taken as a vote for such importance.
In the effort to explain the trend toward earlier puberty in humans, a role for artificial light was bound to be proposed (Jafarey, Khan, et al., 1970) . It was also initially bound to be rejected: first, because blind girls were thought to reach menarche earlier than, or at least not later than, sighted girls; and, second, because the trend in boys was thought to be less pronounced than in girls (Skutsch, 1970) . The first objection seemed unassailable, though the second did not (Jafarey, Khan, et al., 1971) . The artificial-light hypothesis arose again (Dryja, 1977) as appreciation for the pineal gland and melatonin came to be widely shared Moskowitz, 1977a, 1977b) . It again was rejected, this time because the decline in the mean age of menarche was thought to have stopped, in the United States if not elsewhere, and because the intensities of artificial light used in pineal-melatonin experiments were much less than those of natural sunlight (Wurtman and Moskowitz, 1977c) .
The artificial-light hypothesis is once again beginning to stir, for several reasons. The fact that menarche is not delayed in blind girls (Magee, Basinska, et al., 1970) has fallen away as an objection. The great majority of blind people, around ninety percent, retain some conscious light perception, and even some without conscious light perception do still maintain normal circadian rhythm and do suppress their melatonin levels on ocular exposure to bright light (Czeisler, Shanahan, et al., 1995) . Experiments in transgenic mice have shown that such perception requires eyes but neither rods nor cones, the well-known retinal receptors for light-anddark and for color, respectively; additional photoreceptors must be present in these mice and must somehow regulate their circadian clocks Lucas, Freedman, et al., 1999) . Besides that, work in humans has shown that melatonin levels can reliably be suppressed by applying a light-emitting pad to the popliteal fossa-the back of the knee-in a process called extraocular circadian phototransduction, whose mechanism may involve photic effects on the binding of neuroactive and vasoactive gases, carbon monoxide and nitric oxide, to heme, the iron-carrying part of hemoglobin in red blood cells (Campbell and Murphy, 1998) . Nitric oxide has itself independently been implicated in the regulation of pubertal hormones, at least in heifers (Honaramooz, Cook, et al., 1999) .
These results aside, we also know more about endogenous rhythmicity than we used to. The problem with boys not showing a secular trend has diminished as well. Though still harder to define and track than in girls, the trend toward earlier puberty in boys is better documented than it once was. The mean age of menarche never quite stopped declining in the United States. It may still be falling rapidly in modernizing regions around the globe. Even if it has now reached its natural minimum, fact-fitting interpretations of its long decline are still worth examining. We also now realize that intensity of light may be less important than diurnal pattern or photoperiod. Most importantly of all, the human biology of light has become a broader, deeper, and more daring subdiscipline.
Unlike most of the animals in which light, the pineal gland, and melatonin have been studied, humans evolved a largely uncovered skin. Not only can our melatonin levels be changed by exposure of our skin to light, but other events of great interest occur in the skin upon which light shines. Consider 1,25 (OH) 2 vitamin D 3 , sometimes called "soltriol" but better known still simply as vitamin D, the rickets-preventing "sunshine vitamin," whose D 2 cogener is added routinely to cow's milk, infant formula, and many other foods. Soltriol is more than a vitamin, however, more than a cofactor in enzymatic reactions. Soltriol, a molecule whose natural synthesis begins with photolysis of a cholesterol derivative in the skin, is uniquely-so far as we know-a "heliogenic" steroid hormone. As such, its production varies with season, latitude, occupation, recreation, pigmentation, and dress, whether dress for warmth, protection, modesty, religion, or fashion. As shown in humans or inferred from studies in other animals, soltriol can bind to specific cell receptors throughout the body, not just in its most famous roles as coeffector of calcium homeostasis and coarbiter of bone growth but also as an activator and modulator of growth and reproductive capacity, in both males and females.
Soltriol, the daytime counterpart of the nighttime hormone, melatonin, is clearly a transducer of sunlight (Outila, Karkkainen, et al., 2001) . It is also then presumptively a photoperiod messenger, though its message may or may not be "read" or "understood" or "used" internally. If functional in vivo, soltriol's messaging might be finely graduated. Af-ter all, making soltriol depends not just upon dermal exposure to light and the intensity of that light, natural or artificial, but also upon availability of precursor molecules in the skin and processing to final form in the liver and kidney. The activity of the finished hormone further depends upon carriage by a protein made in the liver and upon interactions with other hormones, such as estradiol and testosterone, and with soltriol receptors on membranes throughout the body. So, while strictly limited by light, our soltriol supply and the sufficiency of its action are colimited by other factors as well, including nutritional status, general health, and receptor genetics (Stumpf, 1988a (Stumpf, , 1988b Schleicher, Privette, et al., 1989; Stumpf and Denny, 1989; Stumpf and Privette, 1989; Stumpf, 1990; Stumpf, Bidmon, et al., 1990 Bidmon, Gutkowska, et al., 1991; Stumpf and Privette, 1991; Musiol, Stumpf, et al., 1992; Perez-Delgado, Bidmon, et al., 1993; Stumpf, Perez-Delgado, et al., 1993; Lorentzon, Lorentzon, et al., 2000) .
This last-mentioned factor, receptor genetics, invites attention to the well-described menarcheal-age difference between modern American girls of European and African ancestries. Socioeconomic, nutritional, and environmental factors may operate importantly here, but just how is a mystery, one made all the more intriguing by the counterintuitive observation that the less advantaged group is the one maturing more quickly. Polymorphisms in the vitamin D receptor gene have now been documented in white and black mothers and their children in a pattern that may in part explain racial differences in bone mass, which tends to be less in whites than in blacks (Nelson, Vande Vord, et al., 2000) . These same polymorphisms have been associated with variations in constitution and growth among white males (Lorentzon, Lorentzon, et al., 2000) . Since vitamin D is "received" by many tissues other than bone, might polymorphisms in its receptor gene also in part explain other maturational differences?
This question gains in interest when considering the prominence of processed and packaged foods marketed as fulfilling some portion of-or exceeding-"minimal daily requirements" for vitamins and minerals. Our mealtime intake of soltriol's D 2 cogener in vitamin supplements and vitamin-supplemented foods augments many D 3 effects, since the D 2 and D 3 molecules share the same metabolic fate in the liver. If these two molecules act identically in all respects, then soltriol's developmental role may be affected. More pointedly, its putative role as a carrier of light-related, time-related, and season-related environmental messages may be preempted, enhanced, exaggerated, distorted, or rendered to some degree incoherent.
The light hypothesis of maturational modulation might aid many necessarily compound explanations of still poorly understood phenomena, not least the apparent delay of maturation in the Little Ice Age. A switch to more occlusive clothing or more clothing for more of the year might have been contributory then. The light hypothesis might also help explain a maturational effect of extreme change in latitude, if such an effect is ever confirmed, as it might be through adoption studies. Similarly, an artificial-lighting hypothesis might improve our understanding of the correlation of earlier puberty with urbanization, economic development, and socioeconomic progress. These would be difficult hypotheses to test, though, especially using epidemiologic methods. Wavelength, amplitude, and, especially, timing would have to be considered, as would many confounding factors, physical and behavioral.
The artificial-light hypothesis is particularly provocative. If accepted, whether on weight of evidence or on rumor, then earlier puberty might cease to be seen only as a side effect of good health and good food. It might instead come to be regarded as an environmental disease, an attributable and even a compensable harm, a political cause.
Consequences
The trend toward earlier puberty has been gradual. It has been present to similar degrees in similar societies. It has intertwined with other trends, many more obvious. It is not suited to direct investigation. Its consequences, then, must usually be inferred from experimental manipulations or from the predicaments and needs of more-or-less accelerated individuals or groups.
Behavioral correlates of sex-hormone and growth-hormone levels can be demonstrated in special situations in humans and other animals, even fish (Jonsson, Johnsson, et al., 1996) . Yet delineating these effects in normal human adolescents is challenging. As always, the more appropriate the data, the more accurate the inference. Some data are less useful than they seem; for instance, the secretion of sex and growth hormones is best assayed at nighttime (Stanhope and Brook, 1988 ), yet conclusions based on daytime assays are common.
Some studies have reported no significant correlation between problematic behaviors and either pubertal timing or hormone profiles, or they have emphasized motivational or mechanistic complexity (Tieger, 1980; Dornbusch, Carlsmith, et al., 1981; Sandler, Wilcox, et al., 1984; Nottelmann, Susman, et al., 1987; Brooks-Gunn and Warren, 1989; Drigotas and Udry, 1993; Halpern, Udry, et al., 1993; Raboch, Raboch, et al., 1993; Finkelstein, Von Eye, et al., 1994; Castillo Mezzich, Tarter, et al., 1997; Pedersen, Mastekaasa, et al., 2001) . Other studies, though, have found predicted correlations. Among children six to nine years of age, earlier rise in the pubertal hormones made by the adrenal gland has been linked, though tenuously, with disorders of mood, behavior, and learning (Dorn, Hitt, et al., 1999) . Earlier maturation in girls has been linked to disorders of the family as a unit (Ellis, McFadyen-Ketchum, et al., 1999) . Some investigators have noted the acceptance or pursuit of risk, such as sexual or combative risk, the display of social dominance, or any of a range of other be-
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The Trend Toward Earlier Puberty havioral dysfunctions (Rubin, Reinisch, et al., 1981; Udry and Cliquet, 1982; Sandler, Wilcox, et al., 1984; Westney, Jenkins, et al., 1984; Udry, Billy, et al., 1985; Warren and Brooks-Gunn, 1989; Helm and Lidegaard, 1990; Udry, 1990; Constant, Abrams, et al., 1993; Flannery, Rowe, et al., 1993; Halpern, Udry, et al., 1993 Orr and Ingersoll, 1995; Schaal, Tremblay, et al., 1996; Larsen and Kragstrup, 1997; Laitinen-Krispijn, van der Ende, et al., 1999a; Otor and Pandey, 1999; Rieder and Coupey, 1999; Magnusson, 2001) . In a large survey of 17-year-old Swedish girls, those reporting sexual debut-coitarche-before age 15 were compared to those debuting later; the first group was about twice as likely to report menarche at age 11 or earlier, as well as perceived social age exceeding chronological age by 2 years or more. With earlier sexual debut, of course, came other risks, some chosen and some imposed (Edgardh, 2000) .
Substance abuse has also seemed more likely with earlier development, in girls as well as in boys (Udry, 1991; Tschann, Adler, et al., 1994; Dick, Rose, et al., 2000) . Among male adolescents, "offtimers," those maturing either early or late, admit to more, and more varied, delinquent behaviors (Williams and Dunlop, 1999) . Early reports from the National Longitudinal Study of Adolescent Health suggest that in the United States degree of physical maturity is a risk factor for certain problem behaviors among certain groups (Stepp, 2000) .
Additional correlates in teenage girls and young women have been various nonpsychotic psychological and behavioral problems, including bulimia (Hayward, Killen, et al., 1992; Koff and Rierdan, 1993; Ge, Conger, et al., 1996; Graber, Lewinsohn, et al., 1997; Kaltiala-Heino, Rimpela, et al., 2001) . Also, earlier onset of the self-esteem decline sometimes accompanying first menstruation may blunt academic and professional ambition (Davies, 1977) . On the other hand, puberty can evidently enhance self-esteem for girls dissatisfied with their prepubertal body image and social status, with comparatively early development being welcome (Zakin, Blyth, et al., 1984) . Objectively, the propensity for depression, which is about equal in girls and boys but higher in women than men, begins rising in midpuberty in girls, and it does so in a pattern more tightly linked to changes in serum hormone levels than to changes in bodily appearance and function (Angold, Costello, et al., 1999) . Ethnic differences complicate this picture (Hayward, Gotlib, et al., 1999) , as does study design. Does puberty decrease depression in boys? Parents often report that it does. Boys themselves seem less convinced (Laitinen-Krispijn, van der Ende, et al., 1999b) .
Other correlates might be expected as a complex function of young age, inexperience, emotional dependence, impulsivity, rebelliousness, and yearning for group identification. Among them might be promiscuity-associated disease, pregnancy without pair bond, elective termination of normal pregnancy, premature labor and perinatal complication, bad parenting and abusive child care by the underaged, socioeconomic disadvantage for custodial grandparents, and various attendant societal costs. Incest would be another risk, as would be sexual abuse by unrelated adults, such as a stepfather and the now-classic "mother's boyfriend."
Some scholars have reasoned that a demonstrable rise in the incidence of problematic behaviors in many societies may be attributable in large part to earlier puberty. Others, less impressed, have deemphasized or ignored biological accounts in favor of psychological and sociological explanations (Hoult, 1983) . A third group, finding irreplaceable insights on both sides of a needlessly polarized debate, have advanced a "biosocial" or "biopsychosocial" theory, physiologically sophisticated yet fully contextual (Molina, 1983; Udry, Talbert, et al., 1986; Udry, 1988 Udry, , 1990 Udry, , 1994 Baldwin and Baldwin, 1997; Otor and Pandey, 1999) . A boldly biological interpretation of human behavior often needs restraint and sometimes needs revision (Campbell and Udry, 1994; Otor and Pandey, 1999) . A less parsimonious interpretation, by contrast, increasingly seems secure scientifically and safe rhetorically. It also has the signal advantage of promoting broadly inclusive and potentially practical discussions, their goal being the helpful social modulation of hurtful biological propensities (Smith and Udry, 1985; Udry, 1988; Halpern, Udry, et al., 1994; McCord, 1996) .
A nonbehavioral correlate of earlier menarche is increased risk of breast cancer (Staszewski, 1971; MacMahon, Trichopoulos, et al., 1982a , 1982b Apter and Vihko, 1983; Vihko and Apter, 1986; Apter, Reinila, et al., 1989) . Indeed, some proportion of recent rises in breast cancer incidence may be the result of earlier maturation-and, thus, earlier estrogenic stimulation-over recent decades. Likewise, earlier menarche, if combined with later menopause, could compound the predisposition to hepatocellular carcinoma attributed to prolonged estrogen exposure (Mucci, Kuper, et al., 2001) . Another correlate, far from secure, could be a result of growth acceleration at the cellular level: increased risk of childhood malignancy. A slow rise in the incidence of acute lymphocytic leukemia and a less certain rise in the incidence of central nervous system neoplasia could be consequences of whatever processes speed development generally. Comparatively early menarche in otherwise apparently normal girls has been associated with an increased risk of obesity (Garn, LaVelle, et al., 1986; Jaruratanasirikul, Mo-suwan, et al., 1997; Kirchengast, Gruber, et al., 1998) but also with greater bone mass and, advantageously, a lowered long-term risk of osteoporosis (Warren, Brooks-Gunn, et al., 1986; Vico, Prallet, et al., 1992; Ito, Yamada, et al., 1995) . Early maturing boys are also at increased risk of obesity (Lopez de Blanco, de Espinoza, et al., 1999) .
Two more consequences are sure to increase in prevalence if earlier puberty is more widely appreciated and in-terpreted as disadvantageous. One is its invocation in the analysis of society's troubles and in the defense of individuals in trouble with society. The other is its treatment. Just as the medication of "hyperactive" children has grown remarkably common and in many communities bitterly controversial (Zernike and Petersen, 2001) , so the treatment of developmental hastening could become a major and discomfiting enterprise. Though still uninviting, in part because it requires regular injections, treatment will in near future likely be oral-and cheap (Millar, Zhu, et al., 2000) .
Cultures for Changing Children
The trend toward earlier puberty has had more than one cause. It must, assuredly, have had many. Most of these, or all, persist actively to some degree. They may also, now or in the future, be joined, additively or synergistically, by others. The implications of this complexity, and of its components, differ.
If the whole weight of attribution were assigned to unforced climate change, to the moderation and ending of the Little Ice Age, then much other evidence would have to be ignored. No such weighting could responsibly be considered. That said, unforced climate change stands outside the anthropogenic circle, which encompasses most other candidate contributors to the secular trend toward earlier puberty. Still, these presumptive anthropogenic contributors are largely themselves taken as benign, even as desirable or prestigious: better health, better food, less child labor. Toxicity is an exception, but one unlikely to assume a major role-an appearance here or there, but nothing steady. Artificial lighting, however, is another matter, a better guess than reckoned until recently and the signature of modernity itself. It fits too many patterns to be discounted either soon or easily, yet it may fit them all by coincidence exclusively, serving only to distract. Even if contributory, it could hardly be more than marginally so. Yet recognition of any contribution by an "industrial" factor-a food additive or nutritional supplement, a toxic chemical, an illumination source-might prove politically transformative.
Anthropogenic hastening of puberty resembles politically another putatively unnatural change: global warming. They have both been slow, hard to notice, and hard to keep in mind. Whatever mechanisms their respective explanations ultimately prove to have included, they both remain sufficiently mysterious to impede judgment and collective resolve. If they are goods, they are unevenly distributed ones; if bads, the same. Finally, they may or may not be remediable in ways thought practical or, on the whole, preferable to inaction.
All cultures exhibit traits derived from or respectful of specific traditions, but these traditions themselves may be in conflict, sublimating never-fully-settled arguments about the way life should be lived, individually and together. Some of these traits, and the traditions they represent, may seem fortuitously preadapted to the graceful management of adolescence under conditions of earlier puberty. Some others may not (Resnick, Bearman, et al., 1997) .
High family cohesion in family-based communities and high behavioral barriers to the escalation of violence and the abuse of substances would seem advantageous. However, these traits exist in tension with individualism, which is prized in many cultures and in all mobility-based economies, despite tending to atomize families and, along a behavioral fringe, to encourage the private settling of scores and the antisocial indulgence of urges. Likewise, improvement of the status and prospects of early-marrieds and the vocationally employed seems an attractive idea, but it works against high academic and professional norms, which, though almost universally admired, delay social maturity, pushing up the age of stigma-free procreation for those with bright futures and keeping early family formation in the catalogue of lower-status indicators. Similarly, high adoption, fostering, and care-assumption rates are hard to oppose, but they depend upon the adaptability of families and risk damaging them. The willingness of the more responsible members of a family to fill in for the less responsible can result in matriarchy-by-default, with lowering of the penalty for premarital conception, spiraling decline of gainsto-marriage, and ever-worsening outlook for in-home fatherhood. Correspondingly, the willingness of a conscientious government or institution to fill in may tend unavoidably toward the degradation of family structure.
Conscientious or otherwise, governments are less likely to manage gracefully when managing forcefully is both intuitively appealing and politically rewarding. A stern response to adolescent criminality can enhance public safety, but measures that emphasize prevention may do better over time. Prevention, of course, may be furthered by thoughtfully designed punishments and detentions; many prisons have already redesigned their programs and facilities to protect and edify a steadily expanding population of minors (Rimer, 2001) . Prevention may also, and preferably, be served by gentler measures assisting individuals, families, and communities. Indeed, acceptance of earlier puberty as a structural factor in criminality risk should encourage an intensification of efforts as well as a broadening of methods. A safer weathering of "hormone storm" is the goal here, really, and reaching adulthood with least damage done to self and society would require an improvement of setting for many adolescents and an imposed change of setting for others. Improvement in crime control is surely possible, as has been demonstrated across the United States (Brener, Simon, et al., 1999) . However, these American improvements may not imply that "safe-weathering" strategies have already been devised. No single policy concept can be credited. Early and prolonged imprisonment may have been as responsible as creative community interventions; demographic transitions may have played a major role; a robust labor market may have drawn many aspiring 60
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The Trend Toward Earlier Puberty criminals into legal pursuits; the illicit drugs trade may have stabilized; and substance abusers may have changed their preferences to behaviorally less dangerous substances.
Recognition of earlier puberty as a "price of progress" and, like it or not, a social masterforce does not lead automatically to wise management. Consider the fashioningor the rehabilitation or importation-of a "sexual compromise." The simplest would be high-penalty premarital sex and customary early marriage. In many cultures this form would be thought sensible, but, in others, exotic, repressive, regressive, and even abusive. Its diametrical opposite would likely feature absent-to-mild stigmatization of premarital sex, low risk of unplanned pregnancy, low risk of and ready treatment for promiscuity-associated disease, low penalty for premarital conception, and low penalty for termination. This second form of "sexual compromise," though plausibly defended as realistic, compassionate, and harm-reducing, might also be attacked as morally vacant, socially erosive, incoherent, and self-defeating. Intermediate forms are more likely.
The trend toward earlier puberty might be accepted as a "fact of life" needing and allowing no adjustment. Or, more positively, it might be accepted as a sign of robust health, since it looks normal-statistically is "normal"-when individuals are compared to peers. Not surprisingly, it is mostly ignored in popular commentary and rarely mentioned in electoral politics. If politicized at all, it is likely not to be resented but, rather, to be desired when "delayed" and demanded when "denied." It may actually be a source of civic pride; communist Yugoslavia used to boast that its girls, those in Zagreb, at any rate, led the rest of Europe in menstruation (Grizelj, 1975) .
Earlier puberty may be an improvement. It may, arguably, be a return to optimality or the establishment of a new optimum. Yet its consequences are not all preferences, either for individuals or for the families and communities that individuals form.
